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CLAIMS 



[CIaim(s)3 

[Claim 1] The additive for side etching control of the copper printed wired board 
characterized by including the heterocyclic compound which has a carbonyl group or a 
carboxyl group. 

[Claim 2] The additive for side etching control of the copper printed wired board 
characterized by including the compound which made ethyleneoxide add to the active 
hydrogen of the glycols which have the glycols or triple bond which has a triple bond. 
[Claim 3] The additive for side etching control of the copper printed wired board 
characterized by including the alkali-metal salt of an alkyi sarcosine or an alkyi 
sarcosihe. 

[Claim 4] The additive for side etching control of the copper printed wired board 
characterized by including the anhydride of aromatic carboxylic acid. 
[Claim 5] The additive for side etching control of the copper printed wired board 
characterized by including two or more sorts chosen from the group which consists of 
the alkali-metal salt of the compound which made ethyleneoxide add to the active 
hydrogen of the glycols which have the glycols or triple bond which has the 
heterocyclic compound which has a carbonyl group or a carboxyl group, and a triple 
bond, an alkyi sarcosine, or an alkyi sarcosine, and the anhydride of aromatic 
carboxylic acid. 

[Claim 6] Said heterocyclic compound is the additive for side etching control of the 
copper printed wired board according to claim 1 or 5 characterized by being one sort 
chosen from the group which consists of a coumarin, a uracil, a nicotinic acid, iso 
cinchomeronic acid, and a SHIDORAJIN acid, or two sorts or more. 
[Claim 7] The compound which made ethyleneoxide add to the active hydrogen of the 
glycols which have the glycols or triple bond which has said triple bond is the additive 
for side etching control of the copper printed wired board according to claim 2 or 5 
characterized by being one sort chosen from the group which consists of a 
1.3-10-mol ethyleneoxide addition product of 2-butine -1, 4-diol, 
2,4,7,9-tetra-methy|-5-decyne-4,7-diol, and 2,4,7, 9-tetra-methyl-5-decyne-4,7"diol, 
or two sorts or more, 

[Claim 8] The alkali-metal salt of said alkyi sarcosine or an alkyl sarcosine is the 
additive for side etching control of the copper printed wired board according to claim 3 
or 5 characterized by being one sort chosen from the group which consists of the 
sodium salt or potassium salt of the sodium salt of an NHauroyl sarcosine and an 
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N-lauroyI sarcosine or potassium salt. N-OIRERU sarcosine. and N-OIRERU 
sarcosine, or two sorts or more. 

[Claim 9] The anhydride of said aromatic carboxylic acid is the additive for side 
etching control of the copper printed wired board according to claim 4 or 5 
characterized by being one sort chosen from the group which consists of phthalic 
anhydride, trimellitic anhydride, and pyromellitic dianhydride, or two sorts or more, 
[Claim 10] The additive for side etching control of the copper printed wired board 
according to claim 1 to 9 characterized by furthermore including at least one sort in 
thiazoles and triazoles. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the additive for side etching control 
of the copper printed wired board added by the etching reagent for the purpose of 
control of side etching in etching processing of a copper printed wired board. 
[0002] 

[Description of the Prior Art] A printed circuit is in the technique used for 
manufacture of the integrated circuit • (IC) which accomplishes the nucleus of 
microelectronics. If it illustrates about the copper printed wired board which is one 
sort of the substrate with which the printed circuit was given, a copper printed wired 
board will paste up copper foil on front faces, such as a resin substrate which has 
electric insulation, or a glass substrate, and will produce the copper foil circuit of a 
desired pattern by photo etching further, for example. 

[0003] The outline of photo etching is explained below, (a 1) The film of etching resist 
(corrosion-resistant resin coat) is formed in the front face of the copper foil pasted 
up on the front face of a resin substrate. (a2) The photo mask created to the desired 
circuit pattern is beforehand exposed in piles on the front face of etching resist. (a3) 
A solution removes only the part which etching resist exposed. (a4) Dissolution 
removal only of the copper foil of the part which the above-mentioned etching resist 
was removed and was exposed is carried out by etching using the solution which 
dissolves only copper foil. (a5) The etching resist which remains on the circuit pattern 
of copper foil is removed, and the copper printed wired board which has a copper foil 
circuit pattern is produced. 

[0004] Although the dry etching for which etching in the above-mentioned process 
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(a4) uses ion and the plasma in recent years may be applied, generally wet (sentiment) 
etching of spray etching which makes the above solutions inject by the fixed pressure 
from a spray nozzle is used abundantly. Since wet etching is isotropic etching, it has 
the description of being etched not only in the thickness direction of copper foil but in 
the direction parallel to a front face. 

[0005] Drawing 2 is the fragmentary sectional view of the copper printed wired board 
1 produced by wet etching. By wet etching with the description of isotropic etching, 
rather than the line spacing G1 of the circuit pattern with which etching resist 4 does 
hot exist, only distance S spreads in parallel on the surface of copper foil, and the 
copper foil 3 pasted up on the resin substrate 2 is etched too much. Thus, copper foil 
3 calls it side etching (or called an undercut) to be etched too much than said line 
spacing G1. 

[0006] The distance S by which side etching is carried out in wet etching is influenced 
with the thickness of copper foil, and the line breadth of a circuit pattern, and 
becoming so large that the line breadth of a circuit pattern being so narrow that the 
thickness of copper foil being large is known. 

[0007] According to the demand of an electron device miniaturization, the degree of 
integration of IC mounted in an electron device is increasing steadily. Therefore, since 
the line breadth of the circuit pattern used for IC becomes thin, controlling side 
etching which worsens precision of a circuit pattern so'that it may become as small as 
possible is called for. 

[0008] since such a problem is coped with, thickness (aspect ratio) of the copper foil 
to the line breadth of a circuit pattern is made small, or the approach of enlarging 
beforehand line breadth of the circuit which counts upon side etching generating and 
is formed of etching resist is taken — although kicked — the conductivity ability of a 
circuit, and detailed-izing of the line breadth of a circuit — being compatible — 
enough — ** — it is hard to say. 

[0009] Moreover, there are JP.50-20950,B, JP,2-1 49684,A JP,6-57453.A. etc. in the 
advanced technology about the inhibitor of side etching. JP,50-20950,B adds the 
constituent which contains thiourea, or its derivative and nonionic surface active 
agent in the ferric-chloride solution which is an etching reagent for side etching 
control, or the constituent which contains an anionic surfactant in said constituent 
further. JP,2-1 49684,A adds polyethylene polyamine in a ferric-chloride solution for 
side etching control. Moreover, JP,6-57453,A adds the constituent which contains 
polyamine compound and a polyethylene glycol in a ferric-chloride solution for side 
etching control, or the constituent which contains 2-amino benzothiazole system 
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compound in said constituent at a pan/ 
[0010] 

[Problem(s) to be Solved by the Invention] However, there are the following problems 
in the above-mentioned advanced technology. According to the demand of an 
electron device miniaturization, it is said as mentioned above that the degree of 
integration of IC will increase by 4 times in 2 thru/or three years. Control of much 
more side etching is called for corresponding to narrow-width-ization of the circuit 
pattern accompanying the increment in the degree of integration of IC advancing at an 
increasing tempo, and there is a problem of being hard to say that the side etching 
depressor effect is enough, in the side etching inhibitor which will be indicated by the 
advanced technology if an example is taken in such the present condition. 
[001 1] The purpose of this invention is offering the additive for side etching control of 
the copper printed wired board which is excellent in the side etching depressor effect 
in wet etching, and enables production of a detailed circuit pattern. 
[0012] 

[Means for Solving the Problem] This invention is the additive for side etching control 
of the copper printed wired board characterized by including the heterocyclic 
compound which has a carbonyl group or a carboxyl group. 

[0013] Moreover, this invention is the additive for side etching control of the copper 
printed wired board characterized by including the compound which made 
ethyleneoxide add to the active hydrogen of the glycols which have the glycols or 
triple bond which has a triple bond. 

[0014] Moreover, this invention is the additive for side etching control of the copper 
printed wired board characterized by including the alkali-metal salt of an alky! 
sarcosine or an alkyi sarcosine. 

[0015] Moreover, this invention is the additive for side etching control of the copper 
printed wired board characterized by including the anhydride of aromatic carboxylic 
acid. 

[0016] Moreover, this invention is the additive for side etching control of the copper 
printed wired board characterized by being two or more sorts chosen from the group 
which consists of the alkali-metal salt of the compound which made ethyleneoxide 
add to the active hydrogen of the glycols which have the glycols or triple bond which 
has the heterocyclic compound which has a carbonyl group or a carboxyl group, and a 
triple bond, an alkyI sarcosine, or an alkyI sarcosine, and the anhydride of aromatic 
carboxylic acid. 

[0017] Moreover, this invention is characterized by said heterocyclic compound being 
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one sort chosen from the group which consists of a coumarin, a uracil, a nicotinic acid, 
iso cinchomeronic acid, and a SHIDORAJIN acid, or two sorts or more. 
[0018] Moreover, the compound which made ethyleneoxide add to the active hydrogen 
of the glycols which have the glycols or triple bond in which this invention has said 
triple bond is characterized by being one sort chosen from the group which consists of 
a 1.3-10-mol ethyleneoxide. addition product of 2-butine -1, 4-diol, 
2,4,7.9-tetra-methyh5-decyne-4,7-diol, and 2,4,7,9~tetra-methyl-5-decyne-4,7-diol, 
or two sorts or more. 

[0019] Moreover, this invention is characterized by the alkali-metal salt of said alky! 
sarcosine or an alkyi sarcosine being one sort chosen from the group which consists 
of the sodium salt or potassium salt of the sodium salt of an N-lauroyI sarcosine and 
an N-lauroyI sarcosine or potassium salt, N-OIRERU sarcosine. and N-OIRERU 
sarcosine, or two sorts or more. 

[0020] Moreover, this invention is characterized by the anhydride of said aromatic 
carboxylic acid being one sort chosen from the group which consists of phthalic 
anhydride, trimellitic anhydride, and pyromellitic dianhydride, or two sorts or more. 
[0021] Moreover, this invention is characterized by including at least one sort in 
thiazoles and triazoles further. 

[0022] If this invention is followed, the additive for side etching control of the copper 
printed wired board which is excellent in the side etching depressor effect in wet 
etching will be realized. Since side etching is remarkably controlled when it is added by 
the suitable range for the ferric-chloride solution which is for example, an etching 
solution and the additive for side etching control of the copper printed wired board of 
this invention is used for wet etching, the circuit pattern of detailed line breadth can 
be mostly etched as a design value. Production of a copper printed wired board which 
has the circuit pattern wired by high density with detailed line breadth by this is 
attained. Therefore, it can improve and the degree of integration of IC can be 
contributed to the miniaturization of an electron device. 
[0023] 

[Embodiment of the Invention] The additive for side etching control of the copper 
printed wired board which is the 1st gestatt of operation of this invention (it is only 
henceforth called for short the additive for side etching control) contains one sort 
chosen from the group which consists of the coumarin which is the heterocyclic 
compound which has a carbonyl group or a carboxyl group, a uracil, a nicotinic acid, iso 
cinchomeronic acid, and a SHIDORAJIN acid, or two sorts or more. To the 
ferric-chloride solution which is an etching solution, 200-5,000 ppm of the content are 
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added so that the range of 500-1,000 ppm may be satisfied preferably, and the 
additive for side etching control containing one sort chosen from the group which 
consists of a coumarin, a uracil, a nicotinic acid, iso cinchomeronic acid, and a 
SHIDORAJIN acid, or two sorts or more is used for wet etching. 

[0024] The reason for range limitation of the content in the etching solution of the 
heterocyclic compound which has a carbonyl group or a carboxyl group is explained 
below. In less than 200 ppm, side etching depressor effect [ in / in a content / wet 
etching ] is not fully discovered. If a content exceeds 5,000 ppm. it will sometimes 
deposit [ remaining to a ferric-chloride solution with un-dissolving, or ], and will 
become the cause of making a spray nozzle blockading. Therefore, it could be 
200-5,000 ppm. 

[0025] The additive for side etching control which is the 2nd gestalt of operation of 
this invention contains one sort chosen from the group which consists of a 
1.3-10-mol ethyleneoxide addition product of the 

2,4,7, 9-tetra-methyl-5-decyne-4,7-diol which is the compound which made 
ethyleneoxide add to the active hydrogen of the glycols which have 2-butine -1 which 
is the glycols which have a triple bond, 4-diol, 2,4,7, 9-tetra-methyI-5-decyne-4,7-diol, 
and a triple bond, or two sorts or more. 

[0026] 2-butine -1, 4-diol which are the glycols which have a triple bond, 2, 4, 7, the 
9-tetramethyl-5-crepe de Chine -4, 7-diol and a triple bond To the active hydrogen 
of the glycols which it has, ethyleneoxide The additive for side etching control 
containing one sort chosen from the group which consists of a 1.3-10-mol 
ethyleneoxide addition product of the 2,4.7, 9-tetra-methyl-5-decyne-4,7-diol which 
is the compound made to add. or two sorts or more To the ferric-chloride solution 
which is an etching solution. 200-5.000 ppm of the content are added so that the 
range of 500-1,000 ppm may be satisfied preferably, and it is used for wet etching. 
[0027] The reason for range limitation of the content in the etching solution of the 
compound which made ethyleneoxide add to the active hydrogen of the glycols which 
have the glycols or triple bond which has a triple bond below is explained. In less than 
200 ppm, side etching depressor effect [ in / in a content / wet etching ] is not fully 
discovered. If a content exceeds 5,000 ppm, it will sometimes deposit [ remaining to a 
ferric-chloride solution with un-dissolving, or], and will become the cause of making a 
spray nozzle blockading. Therefore, it could be 200-5,000 ppm. 

[0028] The additive for side etching control which is the 3rd gestalt of operation of 
this invention contains one sort chosen from the group which consists of the sodium 
salt or. potassium salt of the sodium salt of the N-lauroyl sarcosine which is the 
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alkali-metal salt of an alkyi sarcosine or an aikyi sarcosine, and an NHauroyi sarcosine 
or potassium salt, N-OIRERU sarcosine, and N-OIRERU sarcosine, or two sorts or 
more. 

[0029] To the ferric-chloride solution which is an etching solution, 200-2,000 ppm of 
the content are added so that the range of 300-1 ,000 ppm may be satisfied preferably, 
and the additive for side etching control containing one sort chosen from the group 
which consists of the sodium salt or potassium salt of the sodium salt of an NHauroyi 
sarcosine and an NHauroyi sarcosine or potassium salt. N-OIRERU sarcosine, and 
N-OIRERU sarcosine. or two sorts or more is used for wet etching. 
[0030] The reason for range limitation of the content in the etching solution of the 
alkali-metal salt of an alkyl sarcosine or an alkyI sarcosine is explained below. In less 
than 200 ppm, side etching depressor effect [ in / in a content / wet etching ] is not 
fully discovered. If a content exceeds 2,000 ppm. it will become remaining to a 
ferric-chloride solution with un-dissolving. or the cause of being although deposited, 
and making a spray nozzle blockading. Therefore, it could be 200-2,000 ppm. 
[0031] The additive for side etching control which is the 4th gestalf of operation of 
this invention contains one sort chosen from the group which consists of the phthaiic 
anhydride, trimellitic anhydride, and pyromellitic dianhydride which are the anhydride 
of aromatic carboxylic acid, or two sorts or more. To the ferric-chloride solution which 
is an etching solution. 500-3,000 ppm of the content are added so that the range of 
1,000-2,000 ppm may be satisfied preferably, and the additive for side etching control 
containing one sort chosen from the group which consists of phthaiic anhydride, 
trimellitic anhydride, and pyromellitic dianhydride, or two sorts or more is used for wet 
etching. 

[0032] The reason for range limitation of the content in the etching solution of the 
anhydride of aromatic carboxylic acid is explained below. In less than 500 ppm. side 
etching depressor effect [ in / in a content / wet etching ] is not fully discovered. If a 
content exceeds 3.000 ppm. it will sometimes deposit [ remaining to a ferric-chloride 
solution with un-dissolving, or ], and will become the cause of making a spray nozzle 
blockading. Therefore, it could be 500-3,000 ppm. 

[0033] The additive for side etching control which is the 5th gestalt of operation of 
this invention contains two or more sorts chosen from the group which consists of the 
alkali-metal salt of the compound which made ethyleneoxide add to the active 
hydrogen of the glycols which have the glycols or triple bond which has the 
heterocyclic compound which has a carbonyl group or a carboxyi group, and a triple 
bond, an alkyl sarcosine, or an alkyl sarcosine, and the anhydride of aromatic 
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carboxyiic acid. 

[0034] The heterocyclic compound which has a carbonyl group or a carboxyl group 
here It is one sort chosen from the group which consists of a coumarin, a uracil, a 
nicotinic acid, iso cinchomeronic acid, and a SHIDORAJIN acid as mentioned above, or 
two sorts or more. The glycols which have a triple bond Moreover, 2-butine -1, 4-diol, 
It is one sort chosen from the group which consists of 
2.4.7.9-tetra-methyl-5~decyne-4,7-diol, or two sorts. The compound which made 
ethyleneoxide add to the active hydrogen of the glycols which have a triple bond It is 
the 1.3-10-mol ethyleneoxide addition product of 

2,4,7,9-tetra-methyl-5-decyne~4,7-dioL Moreover, the alkali-metal salt of an alky! 
sarcosine or an alky! sarcosine Sodium salt or potassium salt of an NHauroyl 
sarcosine and an NHauroyl sarcosine, It is 1 chosen from the group which consists of 
the sodium salt or potassium salt of N-OIRERU sarcosine and N-OIRERU sarcosine, 
or 2 or more. Moreover, the anhydride of aromatic carboxyiic acid It is one sort 
chosen from the group which consists of phthalic anhydride, trimellitic anhydride, and 
pyromellitic dianhydride, or two sorts, or more. 

[0035] It is added to the ferric-chloride solution which is an etching solution so that 
the range the content of whose is 500-2,000 ppm may be satisfied, and the additive 
containing two or more sorts chosen from the group which consists of the alkali-metal 
salt of the compound which made ethyleneoxide add to the active hydrogen of the 
glycols which have the glycols or the triple bond which has the heterocyclic compound 
which has a carbonyl group or a carboxyl group, and a triple bond, an alkyi sarcosine, 
or an alkyI sarcosine, and the anhydride of aromatic carboxyiic acid for side etching 
control be used for wet etching. 

[0036] The reason for range limitation of the content in the etching solution of the 
constituent containing two or more sorts chosen from the grdup which consists of the 
alkali-metal salt of the compound which made ethyleneoxide add to the active 
hydrogen of the glycols which have the glycols or triple bond which has the 
heterocyclic compound which has a carbonyl group or a carboxyl group below, and a 
triple bond, an alkyI sarcosine, or an alkyI sarcosine, and the anhydride of aromatic 
carboxyiic acid is explained. In less than 500 ppm, side etching depressor effect [ in / 
in a content / wet etching ] is not fully discovered. If a content exceeds 2,000 ppm, it 
will sometimes deposit [ remaining to a ferric-chloride solution with un-dissolving, or], 
and will become the cause of making a spray nozzle blockading. Therefore, it could be 
500-2,000 ppm. 

[0037] The additive for side etching control which is the 6th gestalt of operation of 
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this invention contains at least one sort in thiazoies and triazoles further to one of the 
above-mentioned additives for side etching control. 

[0038] To the ferric-chloride solution whose at least one sort in thiazoies and 
triazoles is an etching solution, 100-1,000 ppm and this better ** are added so that 
the range of 150-500 ppm may be satisfied, and that content is used for wet etching. 
[0039] The reason for range limitation of the content in at least one sort of etching 
solutions is explained among thiazoies and triazoles below. In less than 100 ppm, side 
etching depressor effect [ in / in a content / wet etching ] is not fully discovered. If a 
content exceeds 1 ,000 ppm, it will become the cause of remaining to a ferric-chloride 
solution with un-dissolving. and making a spray nozzle blockading. Therefore, it could 
be 100-1,000 ppm. 

[0040] About the reason for controlling side etching at the time of etching processing, 
although the additive for side etching control of this invention is not yet full, it is 
presumed as follows, the [ which is specified to the periodic tables, such as oxygen 
(O), nitrogen (N), and sulfur (S), as a central element of the compound to combine in 
order to combine with the metal Cu which is copper foil used for a copper printed 

wired board and to form a difficulty solubility compound / the Vth group or ] to 

include VI group's element is needed. However, by not saying that the compound 
which has surely remarkable difficulty solubility is formed, if these elements are 
included, and using the compound which constitutes this invention, it combines with 
Metal Cu and a difficulty solubility compound is formed. 

[0041] With the etching reagent containing the additive for side etching control of this 
invention, when spray etching of the copper foil is carried out, for example, a difficulty 
solubility compound is formed in the etching side of the copper foil which touches an 
etching reagent. At the pars basilaris ossis occipitalis of the hollow formed in copper 
foil of etching at this time, since the spray pressure of an etching reagent is large, 
while the film of a difficulty solubility compound is formed, it is removed continuously 
and etching advances. On the other hand, in the side section of said hollow, since the 
spray pressure of an etching reagent is small compared with a pars basilaris ossis 
occipitalis, the film of the formed difficulty solubility compound is hard to be removed. 
It is thought that etching stops being able to go on easily compared with a pars 
basilaris ossis occipitalis, and side etching depressor effect is discovered in the side 
section by this. 

[0042] In addition, a well-known nonionic surface active agent, an anionic surfactant, 
alkyiene glycol, glycol ether, etc. may be contained in the additive for side etching 
control of the 1st - the 6th gestalt of the above-mentioned operation as a dispersant 
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[0043] (Example) The example of this invention is explained below. This invention is 
not limited to these examples. 

[0044] Thickness:1 Smicrometer copper foil was pasted up on one side of the glass 
epoxy group plate whose dimensions are thickness:1 .5mm, width-o"f^face:210mm, and 
die-length:300mm, etching resist was applied on the surface of copper foil, after 
making the photo mask with which the circuit pattern was created beforehand apply 
and expose, dissolution removal of the etching resist for a non-exposed area was 
carried out, and the negative of a copper printed wired board with which the circuit 
pattern was formed was prepared as a sample. The circuit pattern on the front face of 
copper foil was formed as follows, the line the line breaidth and line spacing of whose 
the line breadth and line spacing of a circuit pattern are equal, and are 30, 50, 75, and 
100 micrometers — it formed ten circuits at a time, respectively. 
[0045] The liquid density in 20 degrees C of solution temperature etched into the 
etching reagent the sample which is the negative of a copper printed wired board 
prepared as mentioned above using the example which added the additive for side 
etching control of this invention in this ferric-chloride solution using the 
ferric-chloride solution of a Baume 40 degrees, and the example of a comparison 
which added the additive for side etching control which separates from this invention. 
Other etching conditions are doubled and it is shown in Table 1. In addition, the 
example of a blank which etched the sample only on the conditions shown in Table 1 
without completely adding the additive for side etching control in a ferric-chloride 
solution, in order to ask for rate of side etching control E (%) mentioned later was also 
produced. 
[0046] 
[Table 1] 
No translation 

[0047] After the stream washed the sample which performed etching processing for 5 
minutes, it drained off water, it was immersed for 1 minute into the 
caustic-alkali-ol^sodium water solution of 2% concentration warmed by 40-50 
degrees C, and etching resist was removed. The stream washed the sample after 
etching-resist removal for about 5 minutes, and the rinse was further carried out with 
ion exchange water, and it dried. 

[0048] The cross section of the sample which carried out desiccation processing was 
observed by the scanning confocal laser beam microscope (VK[ by KEYENCE 
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CORP. J-8500 mold), and each dimension explained below was measured. Drawing 1 is 
the sectional view showing the copper printed wired board 10 after etching. In 
observation of a sample cross section, the cross-section dimension T of the copper 
foil 12 in the location (it is henceforth called the top section for convenience) which 
was in contact with etching resist 13 at the time of the cross— section dimension B of 
the copper foil 12 in the location (it is henceforth called the bottom section for 
convenience) which touches the glass epoxy group plate 11, and etching processing 
was measured. ^ 

[0049] In addition, when the line breadth of a circuit pattern is 50 micrometers, for 
example, the cross-section dimension B of the bottom section measured by the 
sample of said example of a blank etched on the conditions which show the additive 
for side etching control . in . Table 1 using the ferric-chloride solution which is not 
included at all Since it is almost equal to the width of face W of the etching resist 13 
set up as line breadth of a circuit, it is considered that the difference (= B-T) of the 
cross-section dimension B of the bottom section and the cross-section dimension T 
of the top section is mostly approximated to the amount of side etching. 
[0050] The cross-section dimension of B1 and the top section is set to T1 for the 
cross-section dimension of the bottom section in the sample etched using the etching 
reagent containing the additive for side etching control of an example, and the etching 
reagent containing the additive for side etching control of the jexample of a 
comparison. When setting the cross-section dimension of BO and the top section to 
TO for the cross— section dimension of the bottom section in the sample etched using 
the etching reagent of the example of a blank, the value calculated by the degree type 
(1) is defined as rate of side etching control E (%). E(%) =100x [(BO-TO) - (B1-T1)] 
/(BO-TO) — (1) 

[0051] Rate of side etching control E (%) was evaluated for the engine performance 
which controls side etching of the additive for side etching control as an index. That is, 
the larger one of rate of side etching control E (%) estimated it as what is excellent in 
side etching control ability. 

[0052] The class of additive for side etching control of an example and addition which 
were added in the ferric— chloride solution, and the class and addition of the additive 
for side etching control of the example of a comparison are shown in Table 2. 
Moreover, the result of having asked for rate of side etching control E (%) is shown 
according to Table 2. 

[0053] In addition, the ratio shown in the column of the compound name in the additive 
17-24 for side etching control with which it is the class of additive for side etching 
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control which is written by the column of a compound name, and it compounds and 

contains a compound all over Table 2, i.e., example numbers, and the example numbers 

5 and 6 of a comparison is a weight ratio of the compound contained by compounding. 

[0054] 

[Table 2] 

No translation 

[0055] As shown in Table 2, in the example of this invention, rate of side etching 
control E (%) is 1 5% or more of high value, and the side etching control ability which 
rate of side etching control E (%) showed 20% or more of high value, and was excellent 
was discovered in the examples 17-24 which compound and contain especially a 
compound. On the other hand, in the example of a comparison, rate of side etching 
control E (%) was less than 10% of low value, and each was the result of side etching 
control ability being inferior compared with an example, 
[0056] 

[Effect of the Invention] According to this invention, the additive for side etching 
control of the copper printed wired board which is excellent in the side etching 
depressor effect in wet etching is realized. Since side etching is remarkably controlled 
when it is added by the suitable range for the ferric-chloride solution which is for 
example, an etching solution and the additive for side etching control of the copper 
printed wired board of this invention is used for wet etching, the circuit pattern of 
detailed line breadth can be rhostly etched as a design value. Production of a copper 
printed wired board which has the circuit pattern wired by high density with detailed 
line breadth by this is attained. Therefore, it can improve and the degree of integration 
of IC can be contributed to the mihiaturization of an electron device. 
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^t-Thmyu >hwmL<o^^ i^x-'y^yi^mum 

yjf^lT'f HS:ftJD§Ht;t'fl:-^!ia. T/wdf/i^-if/urj ^'V 
14 2 Mj.:i±-C'$) I. .r t $• ^ t -r ?. li^js i * ^ct± 5 ie 

SO. 

{±HM^^t:^-ri.:?^'J n-zl^^Osg&^^tcxf-V^ 

2-7'f->'-l. 4-i;':t— ;K 2, 4, 7, 
^;'<-f-;l— 5-7^>'>'-4, 7-i^3j--;Ufcj:t/2 , 

4. 7. 9— r 5— r>'>^-4 . 7->'':t 
— . 3—1 0^:;Wxf-lx>':t^-9-^ H-ft9D!tSl*»'?> 
^rS P J; Oai*«^ fLi, 1 ail /i{4 2 aJil±rS) S ^ ?r 

[ 8 ] mmrfv^/i'^fu^ i^yt tznr /i^^ji^ 

2Sm±T'fe« i i: S:!^ t "^§18*31 3 4 fc»4 5 ffilii 
(rmr U y ME^^£7)-if ^ fx ^y:7'?p$iM»S'J. 

^J^/WS!. iS^fch 'J^ y -y higiS J:tX*|7jcirnp< >; 
•y hKi^^^-SPJ: 0]StR$^i-i> lS47t{i2«m±T' 



[iS«3l 10] t=^TV-/l^fc J:l^ K TV- 

Xy^>':^'-fIl$IJffl^nS>I. 
[0 00 1] 

(75x-yf->'^jDXtc*5V'>T. -^^ vx.-/^y^cr>^mi 

sff}tLx:i:.'y^yi^mizma$tihmy'vyhsmm. 

eo'^r.-^ }^:cy^yirfiimmmmi>zm-t?>. 
[0002] 

[ta!*<50aftj] -v^f :7nxLx:7bDX:7^c04'^Srf£-r 

^iHiK ( I c ) <7)mmizm\'^htih^mizTuyhm. 
wfihh, T')yvwM:cr>m^h.fzmL(r>imvhi>m 
yv y hmm.mz-:i\^rm^-th t . mrv y hMmm 
{is n$i^m&^^-thmmms.ttzii:^'yx^^t' 

i o T mmco^ - ycommm^^imth . 
[ 0 0 0 3 ] 7 * bx-yf-v^omsrOTt^iijeBB-r 

^, ( a 1 ) IBii^<0«ffilC«3t$^TJtffl?S<oaffifc 

x.-y^y^u=J:^h (W:fe1tttlMMM) cofSv^Jf^-?^^ 
■Ti) , ( a 2 ) :z.-y^yyu=Jx h<7)mmi,z^>^mM<r> 

^. (a3 ) x-y-^>'j/U'>?Xh<iWS3KLf^gP*c75;^^S: 

mmzi:'>xm^-rt. ( a4 > a^tfo;^^irJiM-t&?§ 

( a 5 ) «f?ic7)Illffi^N°:?'->-±^C^SLTV^SX-y 

mr^yyvw^wjmm^ixh. 

[0004] im<r>-JM ( a 4 ) (Cfctt-Sx -y -f^^i?^ 

fc Ut7.y\^ — ':s:/l'*>(i>— S^O^^t:'lWt$•^^:-S.;^r 
^-x-y^:^^^i:^Oj®^ (T^x-yh) x-y^:x^*«- 
®Wir^ffl;SitTV%s. S^x-y-f-y^/Ji. ^ffix-y 

[0005] 02J4, Ssex-y^ViJ'lcJ: Of^^iXJt 

isr ^yyy wm. i o«i!^»f®0T-S) ^ . ^*ttx >y 

k e #^Sc7)S) § igs^x -y ^ y^X\t . ^Bi^ 2 

±tC«f* ^ tVtzmm 3 . X -y f - >^'X h 4 <75fftt 

LTV•>^V^(l]S&^^°:5'->'^0|ISPiG 1 J: 0 t)«??i<50*ffi 
ic W:fr|tn tcl®i S fi(tJ[£*«^ T 3^*l::x -y ^y:^^ ix 
J: 5 tfflms *>\ late^HHG i J: 0 ts^^tc 
x-y-^y^^'S^i^Cik^-^-^ h'x-y-f^y^^ (t/v:{47'>' 

y h k tv^i^il?. ) ki^^. 
[0006] iij(:x>y^>'^"'tCfcV^T1f^ Kx-yf->:?'' 
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[0007] m'f-f^u xymitcom^i'^mK m^r 

[00 09] 27t1?--< HX-y ^>':/<7)«]SIJ^J(CB|-rS5fe 
ntmtzli. :^iitfi^HS5 0-20 9 5 0. i^PB¥ 

2-1 4 96 84t5j:U^^^^6-5 74 5 S^b'ifih 
5. it$<K:^5 0-20 9 5 0{i. x-y^i^^yST'S)?.*! 
-ftagHftjtMtc, -^--f Kx>y^>'^'TOJOf^i»^tc. 

t rzismimmsiz $ izm^ ^ y^-m^'&m^ 
^tsmm^^msa-th h<7)X'hi> , #ra^2 - 1496 

8414. Jg-ftSir^^tSfclf'f Kx.y^>'^^flJMc7)y'^J6 
#IB^6 - 5 7 4 5 3{±, m^mZMmWUZ. ^-i HX 
$:-i-tfffi«!t^. ^tnimtmm.mz^ t^\.z 

[0 0 10] 

^3^T'4^tCJtSirf-Si:*,^i:>ili.. I ComSScOtf 

mzn 0 N-^- - ><5DiKili'(t:*i3ra3l«6*){3ji^f -r s 
Tij'). ^<^j:o^m^t:m^?>k^^m^izm^^ti 

[0011] ^^^mmmt. ii^x-y^y^-(ct3(t§ 
-t^ Fx.y^>'25'-ffliS'JS&mtcffiii, wmti:^w^s-y 
. <7)fm ^fgic-r ^mr^j>v wm.<r)-^^ k x -y f - y 

[00 12] 



[0013] ttz:¥^mi, HSiS-^JrWrS^y 3- 

[0014] ti-z^^mi. T)\^^}V-^}\^aiy>ttzli 

[0015] 5?#Si;«?;p;i<>'»to^7K?^ 
[0016] ■^)Vif^-)Vmt-tz\tij)V-if'. 

7mzxf-v^^=>f-9-'< F^#Jn$-fr^c-fl:^!i*3. T/u^ 
$fx^, 2aijLL-?:'S>.2. t s-wat-r-5.a?r y >'MeiR 

[0017] *^r*^Dj{i^ «?i5«3g«^^'^{4. 

[0018] 4^*^?3{±, «!nSHSife-^S:*^-&^'y 

i-y-l, 4-i^:t— /K 2. 4, 7, 9— 
;^_5_^c^^_4_ 7-i>':t— ;l'fcJt:t/^2 , 4. 7. 
9— r h7;<f-;P-5 -- f>'>'-4, 7-i>':t— 
1.3—1 0^:;l'Xf-^y:t^i?-'f h'-H1Ilfi&*»^.=SrSSf 
i O^^^S 1 a*^v:<42aia±T*S C: fc 

[0019] *3t*^BJ«4. B?ieT;i'^;i^-9-;i^:3i^>-^ 
fc<4T/i/^7U-9-;i'3 yarDVi] y AJBig« . N - 7 
-o^iv-^ivn-yy^ N-7'>0'f /v-'f/Pn^-yco-^hy 

'>AJgt,L<{±;*y'>i:.J§. N-:t^.Wl'-9-;U3v-yt3 
J:lXN-:t^ w^-^f;^=Ii'>'^o-^^y':'Alg^)L<l4;& 
y '>A^*-4>^-SSfJ: i^as^^ii^ l«S^v:{42mJi 

[0020] t.ii-i^^mi. mz^mA}Vif^y^<n^ 

[0021] ifc*^HB{±, §4>t-f-TV-;U«i3j:rX 
[0022] 3|s:^0JC«g;Uf , S^x^yf-^jJ^Hfeft-l. 

^ Kx-y ^y^TOJ^Sfcm'SSir y y Ywmm.<n 
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*«^l6C^rS. t^*«-?T. i C<^)^«S:|fij±-ri.C: 
[0023] 

[ wa<^.>m&<^mm ] ^wmm^mcr)^, 1 mmx-h h m 
Wj-h^^hmii^mitix^ i«^:t«2«i.:uis-g-tf 

I.Jg'fkmZ^jg^fcStT . ^COis^m.ifi2 0 0-5, 
000 ppm. |JSL<{45 00—1 , 000ppm<7) 

P P m*aT-«4, S^X -y ^ V^'{2*3{ti.-9-^ KX >y ^ 

>'7fl]0j5aim*9E:a-ic»^$n^v^. -^^jji^s. oo 

;b-SrH«$-ti:-g.itSi:^S. htiifi-yX ^ 2 0 0—5. 

0 0 0 p pmfc L-Jt. 

[00 2 5] ^w^E<r>mtis.(^^2mmt'hh-^^ nx-y 

T*>i> 2-y^>--l , 4-5/:+-;^ 2, 4, 7, 9 
-Th7><^/I^-5— ri^V-4. 7-v'5i-— /UtJil^f 

df-i^^ K$r-f'lUD$-t^7t-ft;-^T'S.&2, 4. 7. 9-T- 
V'^:<^)V-3-fi^y-A, 7-i^:^—JU<7)l. 3— 

1 o^;i-'X-^v>:t^-^f>f vmmii)^{i>^i>w^j:*)msi 
^tii, 1 siiTtti 2am±^-^tf . 

[0026] H£i^-^Sr*-^Si5^y r3-;HST'S>.g. 2 - 
y^y-l. 4-x:t-;K 2. 4. 7, 

5 -Ti^^-- 4 , 7 - >'':t-;i^i3 it/HSM-^?: 

mn^'ttl^-^Th?>2, 4. 7, 9— fh9^f-;U 

-5-T-'S/>'-4, 7-i/7f— . 3 — 10^:;UX 



{i. x-y^>j/^fBETS)SlS-fbmzife^?Stc^LT, 
«0-t*4*^2 0 0— 5, OOOppm, »iL<{45 0 
0—1, 0 OOppm<?3lOT^?ffJS,-f-|.J:-5 tcaSIIDS<X 

[0027] OTcHfiSS-^2r*-r.5.:/y 
ttH«g-& 5r*-ri> U -/P5I<0vgtt*^tcxf - p y 
jf^Hf-f H$-f«ni$-fr^c-fl:-^ox.y^:^^?f?g4'i3*5 

2 0 0 P p m*S|-Ci4, ^x-x^y^-tcfctt^-9-^ K 

:ii-y^yi^m\^mi/'ytmz^m^ti^j:^^. -^^s*^ 

5 , 0 0 0 p P m5r@;i-g> t , li-ft:IIZlJ^t?S(~*tLT 
0 — 5, 0 OOppmtL/c. 

[0028] imm<r)mM<7yw.3m^x'hh-^^ nx-y 

^*^^>'3r4PJ: OSlRSii* la*^^{42aJ^Lt2r-g• 
[00 2 9] N-^'^O'f/l^/Pnv'V. 

^■i t'lV^fV^iyyiiiiifii-:^^ U)V^)vai^y<r)-f- 

t\mu . X .y ^ y ^r^fSTj) -g. JS-fi:miii^?§MtcM L 
T. -e<7)-^^rJ-*^'2o 0— 2. oooppm. »^L<: 

{43 0 0 — 1. OOOppmOffiHSrSUa-^Sidt:^ 

[0030] OT^wr;'^^;^1^/^3>'>'i;7t{4r/^^;^ 

0 0ppm*fSt-{4. ?g^x.yf->'i/tci3(tS-9--f Fx 

0 0 0 p p mSriSi. 5 i: . ^^zmmm.\>znLx^ 

;W^Ha§-ti-&i^ai:=5rS. Lf^*i=-pT. 2 0 0—2, 

oooppmt t:':;. 

[003 1 ] :^^m<r>mm<^w,4^mx'hh-^-^ Kx-y 
^y-fmmmmu. ^^Aivii^ym<^m^mx'ii 

y -y OSiR^fL^ lSt/::ti:2aJaUL 

Sr-^t;. **7:?';k®!, iliTKh y^ y -y J:l/4!l7j< 

t'Dp<y-y vm-'h^^hmii'omi^ixh ia^JtJ42 
y:fm-mx'hhm.i\::m-weMm\.z^Lx. ^<r)-^^m.ifi 

500 — 3, OOOppm, ift L<{41 , 0 0 0— 
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2, 0 0 0ppm<7)mBi:m&-t^^oizmD^tLXS 
1 0 0 3 2 ] WTt-3?#^/P't:^Kco*!E*!H3c7)x >y 
■th . -ir^l:*^' 5 0 0 p p m*}ST'{4, iiitx -y ^ 
V^. -^^-jt^^S, 00 0ppm$-e;cl.i:. S-fl^HZl^fe 

*Jo-C. 5 0 0~3, OOOppmtUJt. 
[0033] *%0J«7)||ltcoS 5 J^ST-ft S-^f -f F X >y 

5 2aJa±S-^0. 

[0034] C: ; T\ v/U 

-y-l. A-i^-^—)V^ 2. 4. 7, 9— rh9P<f--'l' 
-5--7-i/>— 4, 7-i^'3j--;U*»^^i,pi'51itl?$ 

its 1 m^tz\i2mxh 0 . HSM-^sr*-rs^'y =?- 

!I«JI4. 2. 4. 7, 9— r•^7^f-7^-5-7'>'>— 
4, 7-i^';t-;l'C7)l . 3—1 0^:;Pxf-U>-3j-^-9--f 

<i5;*y':7Aig. N-3f-f w^-9■;^3>->'feJ;t/^N-5^- 
[00 3 5] :^}V::rs~)Vmttz\it)Vif^^y)Vmt:^-T 
iiEMm-ki^-r^i^^) 3-;PlioStt?fc3R(cx^^>' 

^r-^tfif'f h'x-7^>-i?'ifli$iJfflSaiD?r'M, x-y^y:5^^ 

?SET-35 m.^-mm).zn lx , -eio-^^**^ 500 

—2. 0 0 0ppmO®ffl5r)1l^-r.&J::3ic?3sjD$iiT 
[003 6] OTtC;&;^-+Cx;l.^*/^ii;;^;U,-jfdf i^/l^S 



aj':Lh^^tffflfig!fei£7)x.y^>^'S?gt+tcfc{t-i.-^«-fi 

WicfflRBgaiCCOV^T^BSf -1) . 5 0 0 p p 

WJSfc^T&^E^i-C^^^l^t^. ■^W«**2 , 0 0 Op 

pm^®i.?,h. i^'^'mzMmm^znLx^.mmco^^ 

nh:Lttfz\mii!,'ti>:ibifih'0. xyi^-yx/ui 
mm^-\t^^t^h, Lfzii^-ox, 5 0 0—2, 00 

0 p p mi: L>t. 

[0037] ^mmm^<r>^emmx'hi.-^^ Kx-y 
[0038] f-ry'-;i^*> b u Ty-;Hii(73 ^ h 

m^zni-X. 0 0— 1, 00 Oppm. 

C:<?)^L<{41 5 0— 5 0 0ppm<7)eHS-i1|J£f i><J: 
a tC^$itTlg^x >y^>'i>'tfflV>ii,tlS . 
[0039] aTi,Z^TV-)Vmi6iilfW TV-/HS 
CO 3 ^ii'-^r < i: t 1 aox -y f->':7"^?git>tc*5fti.^* 
ic^liHIS^Sitioi-^TiiBJ-r-S. -^^M^n OOp 

pm*5?|T-(4, i®^X.y^>'j/|.Cii5{t-&^?--^ FX-y^>- 
9'nU-m^t-^'rft>Z^m^ti^j:^<K -ir***^l.. 00 0 

^-i.. L/i*^'-oT, 10 0 — 1, OOOppmtLfz. 

[0040] :i^%m<r>-^^ \'x.-y^y^nmmmtm 

tfi. X.yf->;5^JraX^fci3V^T-9--< b'X.yf->'>i^$:fflia 

T<r>xoizmM-^i\,i>. mTvyhw^mt>zm\'^ii>tt^ 
mmxh^^mcxiiz^'^Lxm^mmt-^'^^m^-r 

:^fziblzl±. m-^-t&<t-^<^4"L''7mtLX. ^ 

(o) . mm (N) .m.M(s) ^jicrimMmmizm^ 
^ti:s>mymtfzitmv i m^7tmi-^t^:itti^i£imt 

=&r<. ^^mmm-^<t-^t:m^^^zti,zj:',x. 

[004 1] *^Bj<^-9--^ Hx-y ^:^i7-Jtp$iJffl*JDMS: 
#Ox -y f - y j^iS^c J: -5 T . ffl?g*% t x. it:^y'U-:r 
y-i-y-f^tiht^. x-yf-;xi?'?g(:®ii.Sffl?gcox.y 

X -y ^>'^^c J; r, xmmizm^^titmm<oMMX'ii . 
X -y ^>'^-?SEc7)X7v-ff:^j*-';*c# v^tor, wmmit<t 
^eomfi^m^^tih t b tCite;t-m*$nTx.y^ 
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tic < < ^ 0 , 1?->f -y ^yi^m\mdfifS^^ix 

[ 0 0 4 2 ] ^rtj . maioiiffiom 1 ~m 6 mm<D-^^ 
[0043] ( mm) OTtc*^Bjcr)^^j^ujHj-r 

[0044] m.^ : 1. 5mm,i|l:210in 

m. : 3 0 0mmTS>-6*'7Xa:*fdf£^g^i7)>t® 

hfzmy'vyh^t^<7ims.i:umt LrmmLfz. m 



i'-ycommt^mmtitmLK . ^<r>mmtsxj/ms 
mtK 3 0, 5 0. 7 saxifi ooMmT$>i.m^m 

[0045] j^-y^yymizm.&2 o-azm-f ^mm 

^mwiiz:^^B^'7)-^^ ]ijL-y^y^i[fmmmunm^ma 

mmmi^muLtiitmit^rm^^x . m^<7)j:oizm 
mLfzmrv y hmM^<o^mx'hi>MmiJ^'y^y^ 

Lti. -e^OfiOX ./ f - yi>'^tr^iy^Xm 1 IZ^. 

^fe, Wi^i-h-V^ V^:!:.'y^y^^m>i^B (%) 2:^*6 

^fzibiz, ^imz^mmiz-^-^ Yjc^y^y^^^mimm 

i:x.^y^yyi.t:zr=7y:^mi>imLfz. 
[0046] 
[*1] 









5 0 ± 1*C 




2kg f/cm' 




2 0» 



[0047] x-y^yiJ^Sni^ML/slSipfS:. 

o T 5 -^j-mmf TKflJOU, 40-50 'Ct^jDlS 

[0048] L^^M^OKtIB t . ^m^Mj^ 

l-—fM\mM (^i'i^tt=5r-x>'Xa?VK-8 5 0 0 

m) tzx-oxmmL. mzmm-^^-^Siim^L 
fz, mm. :ii-y'}-yi^wt<r>my°uyhWMMi 
-tmmmx'f>i>, mmmm<^wmx'i.±. ;{f5;«^x--K=3rj^ 

^,.ffi:i:±h-yrspfciif^) cfe(t-2.^?li 2<7)iirM-t 
[004 9] fzb mms^^'^i^~y<om^t^5o 
^v^ii-ft:SiJ^St?gS:fflv^T« 1 ic^-r^T'x -y ^y 

y \.fzmt7'v y mrnmxm^-^fv.h if^vh.u<rm 

;^ M 3 coHiw }Lmmv,\-^<r>x\ ^ h Agpc7)8!i®-^ 

Bi:h<y7-«08lrE^Ti:t7?^ ( = B-T) »4. JKiT 

FX-y^V:?'4t3£<K-r-l>t^=l'§fT-l>. 

[00 50] mmmcT)-^^ Y'x.-yi-y^-mmmaM^ 



$!jfflmaP»l S-^tfX -y f-y J^'^gS- fflV X -y f - i^;?' L3t 

B^^^TitL, 7'7>;?CTiOX>y^:/i!^?RS:fflV'T 
X -y f-^:/ LfzwmiZtiif:h h MWomm-^i: 
Bo. h-yra5<0»Tffl^SrToi;'rSi:#. ( 1 ) 

(%) h^«-r-2.. E(%)= 1 OOX [ (Bo-To) - 

(Bi-T, ) ] / (Bo-To) -v <1) 

[ 0 0 5 1 ] Kx-yf-i^^fflMffl^D^JcO-f-Y KX 

^y^y-^^m\-th'&m^^-{ Hx-yf-yirm^j^E 

^^«ffl!i^E (%) <5o*#v^**«. i?-^ y^x.-y^yff'mm 

[0052] ^■{\:;^^mmzmaLfzmmm<o^-^ f 
x-y^v^^jiiiMfflJSJn^io^fcii^^idii:, imm 

<n^^ h-x-yf-^-^'ffliSiM^a^Joa^iJiy^asiDii: 
^*2(;*-r. KX-yf-yiJ'-JiPfJ^E (%) 5- 

[00 53] ^fc«2 4'(:i*5l'->T. \\L-^^<rymzmt 
§il|.t<75*^ ^'x•yf■>':^'WJffl»M^OS^•C' 

jDsa. -r=5r*>*>iisfepjs-t 17-24 ^ixf)m}m^ 
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[00541 [^2] 





No. 




Ippm) 


^«l?iE(%> 




1 




500 






9. 


1^0 


^9.3 




3 




1,0(K> 


9.5.3 




4 




500 


25. 1 




3 


raRS ■ 








1 ^ ^ ^Pfc 


lAOO 


25.3 




7 . 




1,000 


16.7 




g 


2— — 1. 4 — 5/34"— iU 


1^00 


16^ 




9 


2 4 7 9— T-H^pl^JU— U — Tr2/i/ — 

4. 7 --:;3*- -;u 


1^00 


16.9 




1 0 


2. 4. /. 9-7h^>^JU— — 

4. 7 -i/i^-— ;keo=3.5 *;ut4iiJtt) 


500 


17.4 . 




1 1 


2. 4. /. 9- 7'h7>^;L'-5-T='» — 


1.000 


21.3 




12 




1,000 


21.3 




1 3 


1^ «^ " WW > y K 


300 


15.7 


]& 


14 




2.000 


15.5 




1 e 




1,000 ■ 


23.3 




ie 




1.000 


16J> 




1 / 


^?-7'J>/~ a^l^fit (1:1) 
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